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BACKGROUND
• Distance judgment: a method used to determine the accuracy of distance 
perception
• If perception is accurate, then judgments should be accurate
• Can be measured verbally, or through distance walked
• Waller & Richardson (2008) conducted a meta-analysis of 14 independent 
studies
• Distance judgments made in virtual reality were 70% of the modelled distance, while 
real world judgments were accurate
• Suggests that underperception is a serious issue when conducting virtual reality 
training, e.g. flight simulators
EXPLICIT VS IMPLICIT FEEDBACK
RICHARDSON & WALLER (2005) – EXPLICIT 
FEEDBACK
RICHARDSON & WALLER (2007) – IMPLICIT 
FEEDBACK
Walk with visual feedback
RESULTS OF EXPLICIT VS IMPLICIT FEEDBACK
RICHARDSON & WALLER (2005)
EXPLICIT FEEDBACK
RICHARDSON & WALLER (2007)
IMPLICIT FEEDBACK
EXPERIMENT 1: INTRODUCTION
• The first experiment examined the amount of feedback required 
for recalibration of distance perception
• It was hypothesized that distance perception would increase the 
most after the first interaction trial, and slightly increase after 
subsequent interactions
EXPERIMENT 1: MATERIALS AND PARTICIPANTS
• Within-participants design
• 18 participants
• 4 judgment phases of 15 trials
• 3 Interaction phases of 5 trials
Picture of the HMD used in the experiment 1
EXPERIMENT 1: PROCEDURE
• Participants put on and adjusted the HMD
• Participants began the first judgment phase
• After completion of the judgment phase, participants 
began the first interaction phase
• Participants continued to alternate between judgment and 
interaction phases until 4 judgment and 3 interaction phases 
were completed
Judgment trial
Interaction trial
EXPERIMENT 1: PROCEDURE
EXPERIMENT 1: RESULTS
• A repeated-measures ANOVA was 
conducted to analyze the data
• Main effect of judgment block and 
distance
• No significant interactions
• Repeated contrasts comparing 
judgment ratios across judgment blocks 
were conducted
• Significantly larger judgments between all 
blocks except 2 and 3
EXPERIMENT 1: RESULTS
• Change in proportion between 
blocks was also compared
• Improvement between Blocks 0&1 
was significantly greater than 
improvement between other blocks
• No significant difference in 
improvement between Blocks 1&2 
and Blocks 2&3
EXPERIMENT 1: DISCUSSION
• Longer distances underestimated compared to shorter distances
• Also seen in real world
• Most improvement in distance perception after first interaction
• Suggests that only a small amount of feedback is needed to recalibrate 
distance perception
• After distance perception is recalibrated, there is limited impact of 
additional feedback
EXPERIMENT 2: INTRODUCTION
• Examined the transfer of feedback from exclusively near or 
exclusively far distances to posttest judgments
• If feedback from exclusively near distances does not transfer to 
far judgments, then implicit feedback is specific to distance of the 
furthest object
EXPERIMENT 2: MATERIALS & PARTICIPANTS
• 33 participants
• Between-participants design
• 5 judgment block distances
• 1.1m, 1.95m, 3.1m, 3.9m, 4.9m
• 2 interaction block distances, depending on 
condition
• 1m or 2m in near condition
• 4m or 5m in far condition
Judgment trial
Interaction trial
EXPERIMENT 2: PROCEDURE
• Participants put on and adjusted 
the HMD
• Participants made 15 distance 
judgments
• 3 for each distance
• Participants then interacted with the 
environment 18 times
• 9 for each distance
• Participants made 15 more 
distance judgments
EXPERIMENT 2: RESULTS
• Distance judgment ratios were 
analyzed with a repeated 
measures ANOVA
• Significant main effects:
• Judgment block
• Object distance
• Significant interactions:
• Condition x block
• Object distance x block 
EXPERIMENT 2: DISCUSSION
• Improvement occurred after 
interaction with environment in both 
Near and Far conditions
• However, in the near condition, 
improvement only occurred for 
distances that were interacted with
• Suggests that implicit feedback is 
specific to the furthest distance 
walked
• If you walk 5m, then distance 
perception will only improve up to 5m
GEUSS ET AL (2012)
• Second experiment compared 
exocentric depth and 
horizontal  perception
• Conducted to examine whether 
depth judgments were lower 
than frontal judgments in 
virtual reality
Figure a – horizontal judgment
Figure b – depth judgment
GEUSS ET AL (2012) EXPERIMENT 2
• Found that depth judgments 
were significantly lower in 
virtual reality
• Every other condition was 
approximately equal
• Suggests that depth judgments 
contribute to underperception
in virtual reality
EXPERIMENT 3: INTRODUCTION
• Examined the effect of orientation of exocentric distances on distance 
perception 
• If depth judgments in virtual reality are underperceived, then angled 
judgments should be closer to accurate than depth judgments, but not as 
accurate as horizontal judgments
• It was hypothesized that distance perception would increase in approximately 
equal intervals, with 90° (depth) angles being least accurate and 0°
(horizontal) angles being most accurate
• No egocentric judgments were used
EXPERIMENT 3: MATERIALS AND PARTICIPANTS
• 32 participants
• Within-participants design
• 45 distance judgments
• 5 angles
• 0° (horizontal), 26°, 45°, 63°, 90°
(depth)
• 3 distances
• 2m, 3m, 4m
• 3 repetitions
Screenshot of a 0° judgment
EXPERIMENT 3: MATERIALS AND PARTICIPANTS
• 32 participants
• Within-participants design
• 45 distance judgments
• 5 angles
• 0° (horizontal), 26°, 45°, 63°, 90°
(depth)
• 3 distances
• 2m, 3m, 4m
• 3 repetitions
Screenshot of a 90° judgment
EXPERIMENT 3: MATERIALS AND PARTICIPANTS
• 32 participants
• Within-participants design
• 45 distance judgments
• 5 angles
• 0° (horizontal), 26°, 45°, 63°, 90°
(depth)
• 3 distances
• 2m, 3m, 4m
• 3 repetitions
Screenshot of a 45° judgment
EXPERIMENT 3: PROCEDURE
• Participants were given training in the 
physical world
• Participants put on the HMD and faced 
toward a wall
• The objects appeared for 5 seconds, 
then disappeared
• Participant turned about 30 degrees 
and made distance judgment of the 
distance between the 2 objects
• Repeated 44 times, for a total of 45 
judgments
Example of a training trial in the physical world
EXPERIMENT 3: RESULTS
• A repeated-measures ANOVA 
was conducted
• Significant main effects
• Angle
• Distance 
• No significant interactions
EXPERIMENT 3: RESULTS
• Repeated contrasts were 
conducted for both angle and 
distance
• Most Angle contrasts significant
• Except for 0° and 26.7°
• Distance contrast between 2m 
and 3m marginally significant 
• Distance contrast between 3m 
and 4m significant
EXPERIMENT 3: DISCUSSION
• Results suggest that longer distances were more underperceived
• While Geuss et al. (2012) found the opposite, longer distances tend to be more 
underperceived
• Results also suggest that orientation of the distance between angles affects 
perception
• Similar improvement in accuracy between 90° & 63.4° judgments and 63.4° & 45°
judgments
• Smaller improvement in accuracy between 45° & 26.7° judgments
• No improvement in accuracy between 26.7° & 0° judgments
• Because egocentric judgments are depth judgments, they will always tend to 
be underperceived relative to exocentric frontal judgments
COMPARING GEUSS ET AL (2012) TO EXPERIMENT3

QUESTIONS?
